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(57) Abstract 

A heat exchanger (10) and method of making same is disclosed. The heat exchanger (10) is particularly useful for cooling 
automotive engine.dil or transmission fluid, the exchanger (10) being located inside the radiator or other part of tteeru^e cool- 
inc system The heat exchanger (10) is made from a plurality of stacked plates ( 12) formed of ciadded metal, the plates (12) being 
assejnbled'into face-to-face pairs, each pair having a turbulizer (38) located therein. The plates (12) also have outwardly disposed 
dimples (36) which are in contact when the plates (12) are arranged back-to-back. The turbulizer (38) is thicker than the spacing 
between the assembled plates (12) prior to brazing the assembly. The dimples (36) maintain good contact between all heat transfer 
surfaces while the assembly is completed by brazing. 
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TW TANK OIL COOLER 



TECHNICAL FIELD 

This invention relates to heat exchangers, and in 
particular, to automotive oil coolers which are located 
inside other heat exchangers, such as automotive radiators. 

5 yinciccttOPKD ART 

In motor vehicles, it is common to provide heat 
exchangers for cooling engine oil or transmission fluid. 
Due to the heat transfer characteristics of oil, liquid 
10 cooled heat exchangers are normally used as opposed to air 
cooled exchangers . The most convenient way to do this is to 
mount the oil cooler or heat exchanger inside the cooling 
system of the motor vehicle, and in particular, inside the 
radiator. 

15 In the past, the oil coolers of the type in question 

which have been mounted inside automotive radiators have 
consisted of concentric tubes closed at both ends to form 
an internal passage for the oil. The engine coolant flows 
around the outside tube and through the inside tube. A 

20 difficulty with this type of oil cooler, however, is that 
it is relatively ineffective per volume of radiator 
occupied. 



25 



30 



pTSCLOSUF E OF INVENTIOK 

The present invention is a plate type heat exchanger 
which is more effective per volume of radiator occupied, 
and yet is strong enough to withstand the high oil 
pressures that are frequently encountered in such engine 
oil or transmission fluid cooling systems. 

According to the invention, there is provided a heat 
exchanger comprising a plurality of stacked plates arranged 
in face-to-face pairs, each of the face-to-face pairs 
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including first and second plates. The first plate has a 
nCfcentral portion, a raised peripheral co-planar edge 
£« n extending above the central portion end opposed 
co-planar end bosses extending below the central portion 
. ^second piste ef e.ch fsce-tp-face plate parr has a 
peripheral edge portion Joined to the first plate 
peripheral edge portion, a central portion ^spaced from the 
first plate central portion, and opposed co-planar end 
boTses extending above the second plate central portion. 

10 Z fir t and second plate centrsl portions have opposed 
codding layers formed thereon. A planar turb-liser i 
located between the first and second plate central portions 
of each face-to-face plate pair, the thickness of the 
■ Obelizing is being greater then the distance h™ the 

IS opposed cladding layers of the first and second ^» 
central portions. The first and second plate central 
p Sons have a plurality of spaced-spart outwardly 
disposed dimples formed therein, the domple «""<»■» 
eguListant with the end bosses. The first plats of one 

20 prate pair is located back-to-back with the second plate of 
L adjacent , plate pair, the respective drmples and end 
bosses being Joined together. Also, each plate pair defines 
inlet end outlet openings for the flow of f lurd through the 
piste pair past the turbuliser. 

25 According to yet another aspect of the invention,, 

there is provided a method of making a heat exchanger 
comprising the steps of providing s plurality of plates 
each having a planar central portion, a raised P>K^ 
edge portion, a brazing cladding layer formed on the plates 

30 end inlet and outlet openings formed therein. The. plates 
are arranged face-to-facs into pairs having s hollow space 
therebetween. A turbulizer is inserted into the hollow 
space, the turbulizer being in contact with the planer 
central portions of each plate of a plate pair and of a 

35 thickness generally equal to the distance between the 
planar central portions without the cladding layers formed 
thereon. A plurality of said face-to-face plats pairs re 
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stacked bo that the inlet and outlet openings are in 
registration and the raised peripheral edges are separated. 
Also, the stacked plate pairs are heated to melt the 
cladding layers causing the turbulizer to be embedded in 
5 the cladding layers and the peripheral edges to be joined 
to form, a fluid tight assembly. 

hrtt ;p descrip tion OF THE DRAWINGS 

10 Preferred embodiments of the invention will now be 

described, by way of example, with reference to the 
.accompanying drawings, in which: 

Figure 1 is a perspective view of a preferred 
embodiment of an in tank oil cooler according to the 
15 present invention; 

Figure 2 is an exploded perspective view of a sub- 
assembly of the oil cooler of Figure 1; 

Figure 3 is a partial sectional view taken along lines 
3-3 of Figure 1 and showing an alternate embodiment; 
20 Figure 4 is a sectional view taken along lines 4-4 of 

Figure 1; 

Figure 5 is an enlarged, sectional view taken along 
lines 5-5 of Figure 2; 

Figure 6 is an enlarged plan view taken along lines 6- 

25 6 of Figure 2; 

Figure 7 is a partial sectional view taken along lines 
'' 7-7 of Figure 6 but showing a plurality of stacked plate 
pairs prior to brazing; and 

Figure 8 is partial sectional view similar to Figure 
30 7 but showing the stacked plate pairs after brazing. 

flR fiT MODE FOR CARRYT K? OUT THK INVENTION 

Referring to the drawings, a preferred embodiment of 
35 an oil cooler or heat exchanger is generally represented by 
reference numeral 10 in Figure 1. Heat exchanger 10 is 
formed of a plurality of face-to-face plate pairs 12 as 
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plate pair 14 has a £ altto ugh top and 

bottom plates 16, 20 could ^ #< 22 

5 " nrpirc^rrr^uiat «. * ^ 

swaged an place in er nipp i e 

• __o.= corves as an inlet euv* 

■ ^-rar aa 2 :::; *~ «- - ^-trV 9 

: I", transmission £ luid thro u ? heat «*^«* • 

15 portion 30 which ^.^-^JT^Ti-S-- 
n^Srr basset — g below or located 

- ■ r^p^ro^rr .tat - — 

20 pXatef 24, a' are identical, so tbe ^ '^^ 
^ova- witt re £ erence to the ^ret 

24 would, of course, be reversea wiui 
Septra" portion 28 o £ second plate 2* as seen in r 19 ure 

2 ' , x. ic 9n 94. and 26 are rounded and 

„ The ends of plates 16 , 20, 24 ana 

" end bosses 32 o £ plates 24, 26 are formed with -p--s k .ped 
openings 34, although any shaped opening could be usedxf . 
desired. The -D-shaped openings 34 have an opening edge 
portion 35 located around -D'-ehaped opening. 34. As 

30 mentioned ebove, smooth top plate W has circular ^opening, 
to accommodate nipples 22. The smooth bottom plate 20 has 
no openings formed ^erein- ^ 

First and second plates *± 
plurality of spaced-apart dimples 36 formed therein. With 

35 reference to first plate 24, dimples 36 extend below the 
central portion 28 equidistant or to the same planar level 
as end bosses 32, so that when two of the plates 24, 26 are 
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located back-to-back as seen best in Figure 3, the 
respective dimples 36 and end bosses 32 are joined together 
along a common plane. 

A turbulizer 38 is located inside each face-to-face 
5 . plate pair. 12 , including top and bottom plate pairs 14 r 18. 
Turbulizer 38 is a strip of expanded metal. The preferred 
.configuration is parallel rows shaped in a sinusoidal , 
staggered configuration , although other configurations 
could be used as desired. The length of turbiilizer 38 

10 corresponds with the length of the plate central portions 
28, and the width of turbulizer 38 corresponds with the 
distance between peripheral edge portions 30. The thickness 
of turbulizer 38 is such that after the plate pairs are 
assembled and heat exchanger 10 is joined together, such as 

15 by brazing, the plate central portions 28 are joined to and 
in good thermal contact with turbulizer 38, as discussed 
further below. 

•Dimples 36 are spaced uniformly over the plate central 
portions 28. One of the primary functions of dimples 36 is 

20 to support the plate central portions 2 8 and prevent these 
central portions from sagging when the plates are heated to 
brazing temperatures. Central portions 28 must be kept flat 
and- in full contact with turbulizer 38 during the brazing 
process in order to obtain good thermal contact between the 

25 turbulizer and the plates. Another function of the dimples 
is to cause some turbulence in the coolant thereby 
increasing the heat transfer capabilities of the heat 
exchanger. When the plates are in back-to-back arrangement 
dimples 36 maintain the back-to-back plates in spaced apart 

30 relation so that the coolant would have an effective path 
between the back-to-back plates. The height of dimples 36 
should be optimized in that the dimples should be tall 
. enough to allow the coolant to flow between the back-to- 
back plates but not too tall because of the overall size of 

35 heat exchanger 10 should be minimized where possible. 

Dimples 36 preferably are large enough to result in 
•flat top surfaces to give a good joint between mating 
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dimples 36. As seen best in Figures 3 and 4, the radius of 
the shoulders in the dimples should be such that sharp 
corners should be avoided or the dimples could break out as 
a result of high pressures in heat exchanger 10. 
5 Dimples 36 should also not be too large in diameter, 

because the surface area of central portion 28 occupied by 
dimples 36 is area that is not in contact with turbulizer 
38 and this detracts ' from the heat transfer efficiency of 
heat exchanger 10. It will be apparent to those, skilled in 

10 the art that the number and size of the dimples 36 should 
be chosen so that sufficient strength and structural 
support for the plate central portions is provided during 
the brazing process, and so that the gain in heat transfer 
efficiency through turbulence in the coolant is balanced 

15 against loss of heat transfer efficiency by making the 
dimples too numerous or too large. It has been foot* that 
for plates with central portions 28 of approximately four 
centimetres in width, dimples that are 0.5 centimetres in 
diameter and spaced-apart longitudinally about 2.5 to 3.0 

20 centimetres and transversely about 2 to 3 centimetres 
provides a preferred balance where aluminum of 0.07 to 0.08 
centimetres thickness is used for the plates. 

Referring to Figure 2, plates 24, 26 may be formed 
with inner tabs 42 extending transversely from opening edge 

25 portion 35. Inner tabs 42 are located at only one end of 
each plate so that upon assembly, inner tabs 42 on one 
plate such as first plate 24 are crimped over the opening 
edge portion 35 of the mating plate 26, when the plates are 
in a back-to-back arrangement to form a back-to-back plate 

30 pair 44. This prevents the plates of each back-to-back 
plate pair 44 from moving longitudinally or transversely 
relative to each other. Inner tabs 42 are not necessary, 
however, and may be eliminated if alignment of the plate 
pairs is not a problem. 

35 Referring again to Figure 2, plates 24, 26 are formed 

with peripheral tabs 40 at opposed ends. Peripheral tabs 40 
are located at respective diametrically opposed ''corners" 
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of each plate, so that upon assembly, the peripheral. tabs 
40 on one plate, such as first plate 24, are crimped over 
the peripheral edge portion 30 of the mating plate, such as 
second plate 26, when the plates are in face-to-face 
5 " arrangement to form face-to-face plate pair 12 as seen best 
. in Figure 1. This prevents the plates of each face-to-face 
plate pair 12 from moving longitudinally or transversely 
relative to each other. Again, peripheral tabs 40 are not 
necessary .and may be eliminated if alignment of the plates 

10 is not a problem. 

In an alternate embodiment shown in the left hand 
portion of Figure 3, the inner tabs 42 can be used to 
maintain the first and second plates, of the back-to-back 
plate pairs in alignment, without crimping over the inner 

IS tabs 42, Similarly the peripheral tabs 40 can be used to 
maintain the first and second plates of the face-to-face 
plate pair in alignment without crimping over the 
peripheral tabs 40. It will be apparent to those skilled 
in the art that the peripheral tabs 4 0 and the inner tabs 

20 42. may be used to align the stacked plates or to 
mechanically attach the plates as desired. The. heat 
exchanger can be further modified by eliminating the 
peripheral tabs 4 0 and inner tabs 42 and stacking plates in 
the pattern described above and shown in Figure 3, 

25 In the preferred embodiment, aluminum is used for all 

of the components of heat exchanger 10. Nipples 22 and 
turbulizer 38 are formed of aluminum alloys, and plates 16 ? 
20, 24 anfi 2 6 are formed of brazing clad aluminum, which is 
aluminum that has a lower melting point cladding or 

30 aluminum brazing alloy layer 50 on the outer surfaces, as 
seen best in Figures 5, 7 and 8 the cladding layers 50 are 
each about 8 to 10 per cent of the thickness of the plate. 

As seen best in Figures 7 and 8 the thickness of 
turbulizer 38 is generally equal to the distance between 

35 the first and second plate central portions 28 without 
cladding layers 50. In other words,- the thickness of 
turbulizer 38 is greater than the distance between the 
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opposed cladding layers 50 of the first and second plate 
central portions 2 8 after final assembly. The reason for 
this is that as these cladding layers 50 melt during the 
brazing process, all of the high areas of turbulizer 38 are 
5 embedded in the cladding layers 50 and turbulizer 38 is 
brazed to the plate central portions 28 with good thermal 
heat transfer and minimum drag or pressure drop as the oil 
flows through or past turbulizer 38, as will be described 

further below. 

The assembly of heat exchanger 10 starts by arranging 
the plates 24, 25 face-to-face or back-to-back as desired, 
as seen best in Figure 2, so that the "D'-shaped openings 
34 and the respective peripheral edge portions 30 are in 
registration. If inner tabs 42 are used, these tabs may be- 
first crimped over to form back-to-back plate pairs 44. A 
turbulizer 38 is then inserted into the hollow space 
between the central portions 28 of each face-to-face plate 
pair 12. If peripheral tabs 40 are used, these may then be 
crimped over the peripheral edge portions 30 of the 
respective mating plate. Alternatively several of the 
assembled plate pairs 12 may be formed with turbulizers in 
them and then stacked together, in which case tabs 42 would 
not be crimped over or used at all. The particular method 
or sequence of stacking plates 24, 26 together does not 
25 matter, the result is a plurality of stacked plate pairs as 
illustrated in Figures 2 and 7. 

The top plate pair 14 is then formed by swaging 
nipples 22 onto smooth top plate 16 and stacking this on 
top of one of the plates as shown in Figures 1 and 3. 
Bottom plate pair 18 ' is then formed using a smooth bottom 
plate 20 located below the bottom plate 26 as shown in 

Figures 3 and 4. 

As seen best in Figure 6, turbulizer 38 typically is 
not longitudinally straight, but has a slight transverse 
camber in it because the metal from which it is formed 
usually comes in rolled form. This causes the corners 52 
and the central portions 54 to overlap or ride into the 
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radius or intermediate portion 29 between central portion 
28 and peripheral edge 30. However, cladding layers 50 and 
these radii themselves accommodate this overlap in the 
brazing process as described next below* 
5 Once the entire heat exchanger is assembled, it is 

thea placed into a brazing furnace using a suitable fixture 
to maintain the orientation of the assembly, to braze 
together simultaneously all mating surfaces prior to 
entering the brazing furnace, the stacked plates appear as 

10 shown in Figure 7, with about a 0.3 m.m. gap between the 
peripheral edge portions 30 due to the thickness of 
turbulizer 38 as discussed above. The stacked plates are 
squeezed together and as the cladding layers 50 melt, 
peripheral edges 30 come together accommodating any 

15 misalignment and dimensional intolerances giving upon 
cooling a fluid tight assembly* 

Having described preferred embodiments of the 
invention, it will be appreciated that various 
modifications may be made to the structures described. In 

20 certain instances it may be desirable to vary the location 
of the nipples 2 2 serving as inlets and outlets for the 
oil. For example, one nipple 22 could be positioned in the 
top plate 16 and the other nipple 22 in the bottom plate 
20. In the case where the nipples 22 are located at the 

25 s.ame end of respective top and bottom plates 16, 20 a 
central plate with no opening at that end could be 
positioned in the middle .portion of heat exchanger 10. 

Heat exchanger 10 can be made from other materials 
than aluminum, such as stainless steel or brass. In the 

30 case of stainless steel, either a brazing cladding layer of 
copper or thin copper sheets or shims could be used. For 
the purposes of this disclosure the term "cladding layer" 
is intended to include any type material to join respective 
components, • such as a coating or metal deposit, a discreet 

35 or separate layer of brazing material, solder or even a 
suitable adhesive. Obviously, any number of plate pairs 
could be used. Soft soldering may also be used instead of 
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brazing, however in genera^ this produces a weaker 
connection and therefore may not meet the strength 
requirements. The length of the plates can be varied simply 
by repeating longitudinally the dimple diameter and spacing 
5 described above. If both the length and the width of the 
heat exchanger is to, be varied, the diameter and spacing of 
the dimples may have to be varied slightly in keeping with 
the parameters discussed above. 

From the above, it will be appreciated that the oil 
10 cooler of the present invention is a relatively high 
efficiency, heat exchanger which is structurally strong with 
relatively low pressure drop. 
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^HAT IS CL AIMED IS 

1. A heat exchanger comprising; 

a plurality of stacked plates arranged in face-to-face 
pairs, each of. said face-to-face pairs including first and second 
plates, the first plate having a planar central portion, a raised 
peripheral co-planar edge portion extending above the central 
portion, and opposed co-planar end bosses extending below the 

central portion; 

the second plate of each face-to-face plate pair having 
a peripheral edge portion joined to said first plate peripheral 
edge portion and a central portion spaced from the first plate 
central portion, and opposed co-planar end bosses extending above 
the second plate central portion; 

the first and second plate central portions having 
opposed cladding layers formed thereon; 

a planar turbulizer located between the first and second 
plates of each face-to-face plate pair, the turbulizer have a 
peripheral edge portion riding into the first and second plates 
between said first and second plate central and edge portions; 

the first and second plate central portions having a 
plurality of spaced-apart, outwardly disposed dimples formed 
therein, the dimples extending equidistant with the end bosses; 

the first plate of one plate pair being located back-to- 
back with the second plate of an adjacent plate pair, the 
respective dimples and end bosses being joined together; and 

each plate pair defining inlet and outlet openings for 
the flow of fluid through the plate pair past the turbulizer, 

2. A heat exchanger as claimed in claim 1 wherein the first 
and second plates of each face-to-face plate pair are identical. 

3^ A heat exchanger as claimed in claim 2 wherein said inlet 

and outlet openings are formed in the respective opposed end 
bosses of each plate, so that in a stack of back-to-back plate 
pairs all inlet openings are in alignment and all outlet openings 
are in alignment. 
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4 . A heat exchanger, as claimed in claim 3 wherein the plates 
have rounded ends, and wherein the inlet and outlet openings are 
"D"-shaped. 

5. a heat exchanger as claimed in claim 1 wherein the 
dimples are spaced uniformly over the plate central portions. 

6. A heat exchanger as claimed in claim 2 wherein the 
dimples are dimensioned such that the area of the dimples not in 
contact with the turbulizer is minimized so as not to detract 
materially from the heat transfer between the turbulizer and the 
plate central portions. 

7. A heat exchanger as claimed in claim 2 wherein the 
dimples are formed with generally flat tops. 

8. A heat exchanger as claimed in claim 2 wherein the 
turbulizer is substantially the same transverse width as the 
spacing between the plate peripheral edge portions. 

g. A heat exchanger as claimed in claim 2 wherein the 

dimples are arranged symmetrically about the longitudinal and 
transverse axes of the plates so that when two plate pairs are 
positioned back-to-back the dimples on the first plate will be 
in alignment with the dimples on the second plate. 

10. A heat exchanger as claimed in claim 2 wherein the plates 
are formed of aluminum having a brazing cladding layer formed 
thereon. 

11. A heat exchanger as claimed in claim 10 wherein the 
cladding layer is 8 to 10 percent of the thickness of the plate. 



12. A heat exchanger as claimed in claim 2 wherein the plateB 
are formed of stainless steel having a copper cladding layer 
formed thereon. 
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13. A heat exchanger as claimed in claim 10 wherein the 

• thickness of the turbulizer is generally equal to the distance 
between the first and second plate central portions without the 
cladding layers. 



14. A heat exchanger as claimed in claim 12 wherein the 
thickness of the turbulizer is generally equal to the distance 
between the first and second plate central portions without the 
cladding layers. 

15. A method of making a heat exchanger comprising: 
providing a plurality of plates, each plate having a 

"planar central portion, a raised, peripheral, co-planar edge 
portion located above the central portion, and opposed, co-planar 
end bosses located below the central portion , the end bosses 
having inlet and outlet openings formed therein; 

arranging said plates into a face-to-face pair having 
mating peripheral edge portions and a hollow space therebetween; 

inserting a turbulizer into said hollow space, the 
turbulizer being of such thickness that the mating peripheral 
edge portions are spaced apart; 

compressing and heating the plate pair to draw the mating 
peripheral edge portions together; and joining the contacting 
areas of the plates and turbulizer to form a fluid tight 
assembly. 

16. A method as claimed in claim 15 wherein- the plate pair 
is compressed by squeezing together the planar central portions. 

17. A method as claimed in claim 15 and further . comprising 
the steps of providing a cladding layer on the plates, and 
melting the cladding layer as the plate pair is compressed, the 
thickness of the turbulizer being such that as the stacked plates 
are drawn together, the turbulizer is embedded in the cladding 
layer until the peripheral edge portions come into contact. 
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18. A method as claimed in claim 17 wherein the turbulizer 
is provided with a thickness such that as the stacked plates are 
drawn together, the turbulizer is also compressed. 

19 ' A method as claimed in claim 1? wherein the turbulizer 
is 'provided with a width such that as the stacked plates are 
drawn together, a peripheral edge portion of the turbulizer is 
crimped by the plates of the plate pair at a location between the 
planar central portions and the plate peripheral edge portions. 

20 A method as claimed in claim 16 wherein the planar 
central portions are squeezed together by providing said central 
portions with a plurality of spaced-apart, outwardly disposed 
dimples, the dimples extending equidistant with the end bosses 
and being positioned such that when one plate pair is squeezed 
between two adjacent plate pairs positioned in a back-to-back 
arrangement, the dimples on the adjacent plate pairs will be in 
alignment and transmit compressive forces therebetween. 

21. A method as claimed in claim 16 and further comprising 
the steps of assembling a plurality of said plate pairs into a 
stack with said inlet and outlet openings in registration, and 
joining said plate pairs together in a fluid-tight assembly. 

22. A method as claimed in claim 15 and further comprising 
the step prior to compressing and heating the plate pair of 
assembling a plurality of said plate pairs into a stack with the 
inlet and outlet openings in registration, and then 
simultaneously heating and compressing all of the stacked plate 
pairs . 

23. A method as claimed in claim 17 wherein the plates are 
formed of brazing clad aluminum, and wherein the contacting areas 
of the plates and turbulizer are joined by furnace brazing. 

2.4. A "method as claimed in claim 22 wherein the plates are 
formed of brazing clad aluminum, and wherein the contacting areas 
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of the plates and turbulizers are joined by furnace brazing. 

25. A method as claimed in claim 22 and further comprising 
the step, prior to heating and compressing all of the stacked 
plate pairs , of adding a top plate pair having a smooth top plate 
and a bottom plate pair having a smooth bottom plate to the stack 
of plate pairs. 

26. A method as claimed in claim 25 and further comprising 
the step of providing inlet and outlet nipples on one of the 
smooth, top and bottom plates, said nipples having inlet and 
outlet openings communicating with respective inlet and outlet 
openings of the plate pairs. 
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